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(54) SOLID ELECTROLYTE FUEL CELL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To uniformize cell 
temperature through adjustment of calorific value by 
controlling a battery reaction quantity with adjustment 
of the thickness of an electrolyte having largest 
resistant in a cell constituting member. 
SOLUTION: In a solid electrolyte fuel cell composed 
of a solid electrolyte 2, a fuel electrode 3 and an 
oxidizing agent electrode 1, a thickness of the solid 
electrolyte 2 is made thicker it proceeds to inlets of 
respective passages from an outlet of a fuel gas 
passage and an outlet of an oxidizing agent gas 
passage made in the solid electrolyte fuel cell. A cell 
temperature at the time of power generation can be 
kept uniform, by making a thickness of the solid 

electrolyte large as a temperature becomes high, when a thickness of an electrolyte film is 
uniform, and a cell which hardly deteriorates with the lapse of time can be provided. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The soUd oxide fuel cell characterized by making it become thick as it went to the 
inlet port of each passage from the outlet of the fuel gas passage which is the solid oxide 
fuel cell which consists of a solid electrolyte, a fuel electrode, and an oxidizer electrode, and 
was made by this solid oxide fiiel cell in the thickness of this solid electrolyte, and the 
outlet of an oxidizer gas passageway. 

[Claim 2] The solid oxide fiiel cell which is a solid oxide fuel ceU indicated by claim 1, and is 
characterized by thickening thickness of this soUd electrolyte 0.033mm to a 20-degree C 
temperature rise. 

[Claim 3] The soUd oxide fuel cell characterized by for the ingredient of the solid electrol5rte 
indicated by claim 1 and claim 2 being yttria stabilized zirconia, being the cermet which 
the ingredient of a fuel electrode becomes from a jrttria stabihty north zirconia and nickel, 
and being the multiple oxide with which the ingredient of an oxidizing agent electrode 
doped strontium at the lanthanum comics night. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[OOOll 

[Industrial Application] This invention relates to the structure of a soUd oxide fuel cell (it 

omits SoUd Oxide Fuel Cell and Following SOFC). 

[0002] 

[Description of the Prior Art] Although SOFC uses soUd matter for all the components 
among the fuel cells which generate electricity by supplying two kinds of gas, an oxidizer 
and a fuel, to an oxidizer electrode and a fiiel electrode, it is a generic name. In SOFC, the 
following ceramics is used widely and is usually operated at the temperature near 1000 
degree C. 
[0003] 

Electrolyte: Yttria stabilized zirconia (YSZ) 

Fuel electrode: Nickel zirconia cermet (nickel- YSZ) 

Oxidizing-agent electrode: Strontium dope lanthanum comics night (LSM) 

[0004] The ease of carrying out of stack'izing in case the generation-of electricahenergy 
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capacity as the eel itself stack-izes combining two or more eels in addition to a high thing, 
the ease of carrying out of the seal of fuel gas and oxidizer gas, etc. are required of the eel of 
SOFC. Although the eel of various configurations is proposed that the eel with which are 
satisfied of such a demand should be developed firom the research facilities of the former 
many, the basic structure is using cylindrical or a monotonous mold as the base. 
[0005] The example of a eel of cylindrical and a monotonous mold was shown in drawing 3 
a and drawing 3 b. In the cylindrical eel of drawing 3 a, the structure which used the 
oxidizer electrode 31 as the cylindrical support tube, and carried out the laminating of an 
electrol5rte membrane 32 and the fiiel electrode layer 33 to order on this support tube is 
taken. Moreover, it enables it to aim at electric connection between the eels in current 
collection and stack-izing of the oxidizer electrode 31 by not forming an electrolyte 
naembrane 32 and the fiiel electrode layer 33 in the cylindrical die-length direction in part, 
instead forming interconnector 34. On the occasion of a generation of electrical energy, 
oxidizer gas is supplied so that the cylindrical centrum 35 may serve as passage, and fiiel 
gas is supplied to the fi-ont face of the fiiel electrode 33. 

[0006] Next, in the monotonous mold eel of drawing 3 b, the laminating of an electroljrte 
membrane 32 and the fuel electrode layer 33 was carried out for the oxidizer electrode 31 
to order as a base material of a monotonous mold in the field of one of these, and field of 
one of the two has already taken the structure which prepared the slot for forming the 
oxidizer gas passageway 35. On the occasion of connection between eels,, the interconnector 
34 which prepared the slot for forming the fuel gas passage 36 is used. 
[0007] As a description of cylindrical [ these ] and a monotonous mold eel, the high power, 
density at the time of a generation of electrical energy is expectable in a noionotonous mold 
first. Moreover, in cylindrical, there are the features that the mechanical strength of a eel 
is large, a gas seal is easy, and the homogeneity of the temperature in a eel can be 
maintained. By cylindrical preceding about researches and developments of SOFC, and 
conquering the demerit pointed out from cylindrical, while empIo3dng the features of the 
high power density expected efficiently in research of a monotonous mold, although the 
monotonous mold is running in the form where the back is followed aims at high 
performance-ization exceeding cylindrical. As a trouble of a monotonous mold eel, it is 
pointed out conventionally that eel temperature at the time of a generation of electrical 
energy is not made to homogeneity. For example, when the fiiel gas and oxidizer gas which 
do not need reforming on an electrode for the monotonous mold eel shown in drawing 3 b 
are passed, since both of fuel gas and oxidizer gas are consumed by the cell reaction on an 
electrode, the concentration falls, so that it goes to the lower stream of a river of a gas 
passageway. Since the fall of gas concentration follows generation of heat on ****** 
relation of the amount of cell reactions, and a cell reaction, in such a monotonous mold eel, 
temperature distribution to which temperature becomes low will be formed in a eel, so that 
temperature is as high as the upstream of a gas passageway and it goes down-stream. 
[0008] 

[Problem(s) to be Solved by the Invention] If the ununiformity of such temperature 
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distribution, i.e., temperature, arises in a eel, since the stress by the difference in the 
thermal expansion inside a eel will occur, it becomes exfoliation of deformation of a eel, an 
electrode, and an electrolyte membrane and the cause of a crack. Moreover, in the case 
where a stack is formed combining two or more eels, deformation of a eel caused increase of 
the contact resistance between eels, and the incompleteness of a gas seal, and the trouble 
that the generation-of-electrical-energy engine performance will fall also existed. 
[0009] Then, this invention tends to adjust the thickness of an electrol5rte with the 
strongest resistance in a eel configuration member, tends to control the amount of cell 
reactions, and tends to attain equalization of eel temperature by adjusting calorific value. 
[0010] 

[jVleans for Solving the Problem] 

(The 1st means) This invention is a solid oxide fuel cell which consists of a solid electrol5rte, 
a fiiel electrode, and an oxidizer electrode, and from the outlet of the fuel gas passage made 
by this soUd oxide fiiel cell in the thickness of this solid electrol3^e, and the outlet of an 
oxidizer gas passageway, it is characterized by making it become thick as it goes to the 
inlet port of each passage. 

[0011] (The 2nd means) This invention is characterized by thickening thickness of the solid 
electrolyte of the soUd oxide fuel cell indicated as the 1st means 0.033mm to a 20-degree C 
temperature rise. 

[0012] (The 3rd means) The ingredient of the solid electrolyte indicated as the 1st and 2nd 
means is yttria stabilized zirconia, and this invention is a cermet which the ingredient of a 
fuel electrode becomes from yttria stabilized zirconia and nickel, and is characterized by 
being the multiple oxide with which the ingredient of an oxidizing agent electrode doped 
strontium at the lanthanum comics night. 
[0013] 

[Function] A fuel cell generates electricity, when fuel gas and oxidizer gas react, and it 
generates heat in coincidence at this time. The yield of heat is so large that the product of 
each gas concentration is large, and the bigger place of calorific value serves as an elevated 
temperature. For example, in the eel of the monotonous mold shown in drawing 3 b, each 
ingredient presentation of a fuel electrode, an electrolyte, and an oxidizer electrode is 
uniform, and supposing a reaction except a generation-of-electrical-energy reaction does 
not occur, temperature distribution as shown with the constant-temperature line of 
drawing 4 will be about formed in a cel. 

[0014] Here, when the ingredient presentation of the fiiel electrode which constitutes a fuel 
cell, an electrolyte, and an oxidizer electrode, and the relation between structure and a cell 
reaction are seen, especially with an electrolyte, cell resistance can be changed a lot only by 
the electrical conductivity being as small as 0.1 S/cm extent, and changing the thickness of 
an electrolyte membrane slightly. Since the amount of cell reactions becomes so small that 
cell resistance is large, it can control the amount of cell reactions by adjusting the 
thickness of an electrolyte membrane. Moreover, since calorific value becomes so large that 
the amount of cell reactions is large, by enlarging electrol3^ic thickness, calorific value can 
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be reduced and temperature can be lowered. In the eel shown in drawing 4 , when 
electroljrtic thickness is uniform, the elevated-temperature section can attain equalization 
of the structure where electroljrtic thickness becomes large, then eel temperature, based on 
the constant-temperature line there. 
[0015] 

[Example] In this example, it examined by producing the eel of the same configuration as 
the monotonous mold eel shown in drawing 3 b. First, the method of producing a 
conventional-type eel with electrolytic uniform thickness produced for the comparison is 
described. 

[0016] The ingredient of an oxidizing agent electrode was used as La0.8Sr0.2MnO3 powder 
with a particle size [ with perovskite type structure ] of 7 micrometers, and it was kneaded 
so that the water soluble polymer of a methyl cellulose system, a plasticizer, and water 
might be added to this and it might become claylike. The ingredient of the shape of this 
clay was fabricated so that it might become 2mm in 5mm (heights do not contain) in 
thickness, and thickness of heights, width of face of 5mm of heights, and width of face of 
1cm of a slot with a 6.5cmx6.5cm square with an extrusion-molding vessel. After fuUy 
drying this Plastic solid, the binder was pyrolyzed at 400 degrees C and it considered as 
the support substrate which finally calcinates at 1300 degrees C for 10 hours, and is made 
into the purpose. 

[0017] Thus, on the produced oxidizer electrode, the YSZ (8mol%Y203 stabilization) film 
with a thickness of 0.1mm was formed by the spraying process, and it considered as the 
electrolyte layer. 

[0018] On the electroljd^ layer, the fuel electrode layer was produced by the following 
approach. First, the nickel oxide powder whose particle size is 3 micrometers, and the YSZ 
(8mol%Y203 stabilization) powder whose particle size is 0.3 micrometers were used as raw 
material powder, and ethanol and a philcm zirconia ball were added to this, it put into the 
plastic container, and ball mill mixing was performed for 24 hours. Nickel oxide powder 
and YSZ **** were adjusted here so that it might become the weight ratio of 1^1. Next, the 
ingredient matter which carried out in this way and was mixed was dried, and 
disintegration was ground and carried out with the mortar after desiccation. The pol5rvdnyl 
butyral was added as a binder, TEREPINE oar was added to the made powder as a solvent, 
and it considered as the slurry. This slurry was applied so that it might become an 
electrolyte layer with the thickness of 0.1mm, and it calcinated at 1250 degrees C for 4 
hours, and considered as the fiiel electrode layer. 

[0019] The ingredient of intereonnector was used as La0.9calcium0.lCrO3 powder with a 
particle size of 3 micrometers. About the method of producing a Plastic sohd, it is the same 
as that of the production approach of the above-mentioned oxidizer electrode except having 
made burning temperature into 1600 degrees C. In addition, the hole was opened in a total 
of nine places at intervals of 2cm for the purpose of searching for the temperature 
distribution of a eel, and the thermocouple was pasted up on the intereonnector after 
baking. The thermocouple used the JIS-B type and used ceramic bonding for adhesion here. 
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[0020] The generation-of electrical-energy trial was performed by [ as the temperature of 
the thermocouple installed in the part of a of drawing 4 becoming 1000 degrees C ]. Cel 
temperature had the highest part of b of drawing 4 nearest to the inlet port of fuel gas and 
oxidizer gas, and amounted even to 1120 degrees C. Here, the isothermal chart of 
20-degree-C spacing was created based on the temperature from each thermocouple 
( drawing 5 ). 

[0021] Next, the eel which adjusted the thickness of the electrolyte of this invention is 
described (refer to drawing 1 ). First, only the place and periphery of 1120 degrees C which 
showed the maximum temperature in the eel of a conventional method increased the 
thickness of an electrolyte 2, and investigated the relation between the thickness of an 
electrolyte 2, and the temperature at the time of a generation of electrical energy. 
Consequently, when electrolytic thickness was 0.30mm, it turned out that temperature 
falls even to 1000 degrees C. This shows that temperature falls by 120 degrees C, when 
electrolytic thickness increases 0.20mm. Then, next, we divided the electrolyte into six 
fields of the range in every 20 degrees C of 1000 to 1020 degree C, 1020 to 1040 degree C, 
1040 to 1060 degree C, 1060 to 1080 degree C, 1080 to 1100 degree C, and 1100 to 1120 
degree C, and the thickness of the electrolyte of these fields decided to produce in order 
0.100, 0.133, 0.166, 0.199, and an electrolyte membrane with which it is set to 0.232 or 
0.265mm. Thus, it is expectable by changing the thickness of an electrolyte membrane 
every 0.033mm that the temperature requirement of each above-mentioned field has 
temperature width of face narrowed to **20 degrees C to 1000 degrees C. Production of 
such film produced the ******** mask for the constant-temperature line in every 20 
degrees C, and was performed by opening and closing this mask at the time of film 
production by the spraying process. 

[0022] Thus, the electrolyte layer 2 which had thickness distribution on the oxidizer 
electrode 3 was formed, and the fuel electrode layer 3 was further formed by the same 
technique as a conventional method on the electrolyte layer ( drawing 1 ). At this time, it 
forms so that that front face may turn into the same flat surface, and as for the fuel 
electrode 3, the fuel electrode 3 also has a thickness distribution. In addition, in the fuel 
electrode 3, the electrical conductivity is as large as 100 S/cm extent, and since most 
electrode reaction occurs by the interface of an electrolyte 2 and the fiiel electrode 3, the 
efiect of the thickness in a generation-of-electrical-energy property hardly appears. On the 
ftiel electrode 3, the generationofelectrical-energy trial was performed combining the 
interconnector which attached the thermocouple for a thermometry, and temperature 
distribution were observed. The maximum temperature of the thermocouple installed in 
nine places is 1038 degrees C, the minimum temperature is 964 degrees C, and 
equalization of eel temperature has attained mostly. 

[0023] The generation-of electrical energy test result which performed 1000 degrees C and 
current density for the temperature of a points to drawing 2 as 30 mA/cm2, respectively in 
the conventional eel and the eel which gave the thickness distribution of the electrol5rte of 
this invention is shown. The eel of this invention excels [ degradation / with time ] in the 
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life property small, although an initial property is inferior as compared with the 
conventional cel. When the eel after the generation-of-electrical-energy test termination of 
500 hours was disassembled and investigated, in the conventional eel, the exfoliation from 
deformation of an oxidation material electrode or the electrol3rte of a fuel electrode which is 
a substrate was observed. On the other hand, in the eel of this invention, deformation or 
exfoliation which were observed in the conventional eel were not seen, but were 
maintaining the early configuration mostly. 

[0024] Thus, the small eel of degradation with the passage of time was realizable by 
adjusting electroljrtic thickness and attaining equalization of eel temperature. 
[0025] 

[Effect of the Invention] As mentioned above, according to this invention, when the place 
where temperature when the thickness of an electrolyte membrane is uniform is higher 
enlarges thickness of a solid electrolyte, the eel temperature at the time of a generation of 
electrical energy can be maintained at homogeneity, and the small eel of degradation with 
the passage of time can be realized. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l1 The cross section of the eel of this invention. 

[Drawing 2] Drawing showing the long duration generation-of-electrical energy test result 
of the conventional eel and the eel of this invention. 

[Drawing 3 a] The perspective view showing the example of a cylindrical cel. 
[Drawing 3 b] It is the perspective view showing the example of a monotonous mold cel. 
[Drawing 4] It is the conceptual diagram of the temperature distribution of a monotonous 
mold cel. 

[Drawing 5] It is the thermal mapping of the conventional monotonous mold cel. 
[Description of Notations] 

1 Oxidizer Electrode 

2 Electrolyte 

3 Fuel Electrode 

31 Oxidizer Electrode 

32 Electrolyte 

33 Fuel Electrode 

34 Interconnector 

35 Oxidizer Gas Passageway 

36 Fuel Gas Passage 

[Translation done.] 
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